Introduction {#sec1-1753425918800555}
============

Lung cancer is a common tumor characterized by unlimited cell proliferation in the lung tissues.^[@bibr1-1753425918800555]^ Non-small cell lung cancer (NSCLC) accounts for about 85% of development of all lung cancers.^[@bibr2-1753425918800555],[@bibr3-1753425918800555]^ Previous reports suggest that natural plants serve as potential anticancer drugs for NSCLC and various natural compounds have been identified to be effective in inhibiting NSCLC in the lab and in the clinic.^[@bibr4-1753425918800555][@bibr5-1753425918800555]--[@bibr6-1753425918800555]^ Matrine, a kind of alkaloid component isolated from the roots of *Sophora* species, shows various pharmacological activities, such as anti-inflammation, anti-oxidative stress, anti-infection, and anti-cancer.^[@bibr7-1753425918800555][@bibr8-1753425918800555]--[@bibr9-1753425918800555]^ For example, Li et al. reported that matrine inhibits the growth and induces apoptosis in breast carcinoma MCF-7 cells via controlling bax/bcl-2 signaling.^[@bibr10-1753425918800555]^

C-C chemokine receptor type 7 (CCR7) has been identified as an aberrant expression on certain tumor types and has been linked to pro-survival and invasive pathways. In NSCLC, CCR7 is up-regulated through its upstream ligand, exogenous chemokine ligand 21 (CCL21), and inhibits cell apoptosis via up-regulating bax/bcl-2 signaling in A549 and H460 cells of NSCLC.^[@bibr11-1753425918800555]^ Currently, CCR7 has been considered to be a novel prognostic biomarker and therapeutic target for NSCLC. In this study, we hypothesize that matrine can regulate CCR7 expression and enhance the effects of anticancer drugs in A549 cells, which further mediates cell apoptosis.

Materials and methods {#sec2-1753425918800555}
=====================

Cell culture {#sec3-1753425918800555}
------------

A549 cells (human lung cancer cell lines) and LK2 cells (human lung squamous cell carcinoma cell lines) were seeded in DMEM-F12 culture and supplemented with 10% FBS (Gibco, USA) and 1% penicillin in a humidified 5% CO~2~ atmosphere at 37°C.

Cell viability {#sec4-1753425918800555}
--------------

Cell viability after drugs treatment was tested by the CKK-8 assay (Sigma--Aldrich). Briefly, cells were seeded in a 96-well plate (1 × 10^4^ cells/well). Next day, cells were incubated with different concentrations of matrine (0, 10, and 100 µM) plus cisplatin (0.1, 1.0, and 5.0 mM), 5-fluorouracil (0.1, 1.0, and 10.0 mM), or paclitaxel (0.1, 1.0, and 5.0 mM) for 48 h. After treatment with drugs, cells were treated with CKK-8 for 2 h incubation. Then, the optical density (OD) of each well was tested using a microplate reader at 570 nm and the cell proliferation inhibitory ratio was calculated basing on the formula: (OD~control~ − OD~treatment~/OD~control~) × 100%.

Cell apoptosis {#sec5-1753425918800555}
--------------

After treatment with drugs, cells were collected and centrifuged at 12,000 *g* for 5 min. Then the cells were fixed by 70% pre-cold ethanol and cells were washed with ice-cold PBS and re-suspended in the staining solution for 0.5 h in the dark, which contained 50 mg/ml propidium iodide (PI) and 100 mg/ml RNase. Harvested cells were further stained with PI/Annexin-V-FITC and cell cycle arrest and apoptosis were determined by flow cytometry at 630 nm and 525 nm, respectively.

Western blot {#sec6-1753425918800555}
------------

Total proteins from 10-cm dishes (10^6^--10^8^ cells) were extracted (Thermo Fisher Scientific Inc., Waltham, MA, USA). Protein abundances from each sample were tested by BCA Kit (Beyotime, Jiangsu, China) and denatured by adding 5X SDS-PAGE Sample Loading Buffer (Beyotime, Jiangsu, China) and heating for 5 min. Protein samples were separated by a SDS-PAGE electrophoresis system, and then the proteins at the gel were transferred into a PVDF membrane (Millipore, MA, USA). Then the membrane was blocked in milk for 1.5 h. The primary Abs (anti-GAPDH Ab (ab8245) and anti-CCR7 Ab (ab32527)) were incubated overnight at 4°C and then the relative secondary Abs were incubated for 2 h at room temperature. We digitally quantified the resultant signals and normalized the data to GAPDH.

Real-time PCR {#sec7-1753425918800555}
-------------

Gene expressions after drugs treatment were determined by real-time PCR. Approximately 1 × 10^6^ cells/ml cells from each sample were collected and RNA was extracted, and reverse transcribed into cDNA. Primers used in this study can be found at [Table 1](#table1-1753425918800555){ref-type="table"}. Expression of β-actin was used as house-keeping gene and the relative expression of target genes was normalized relative to the expression of β-actin. The 2^-ΔΔCt^ cycle threshold formula was used to calculate the relative abundance of mRNA.

###### 

Primers used in this study.

![](10.1177_1753425918800555-table1)

  Genes                        Sequence 5′--3′               Length (bp)
  ---------------------------- ----------------------------- -------------
  β-Actin                      F: CGACAGGATGCAGAACGAGA       145
  R: AGTGAGGACCCTGGATGTGA                                    
  p53                          F: TGGATTGGCCAGACTGCCTTC      235
  R: CTGGCATTCTGGGAGCTTCAT                                   
  Casp3                        F: GCGGTTGTAGAAGTTAATAAAGGT   251
  R: TGAGGTTTGCTGCATCGACA                                    
  Casp8                        F: GAGTGAGTCATCTCTGTTCTGCTT   186
  R: TGAGTTGACTAGCAAATTCAGCA                                 
  Casp9                        F: GCTCAGACCAGAGATTCGCA       100
  R: GTCTTTCTGCTCGACATCACCA                                  
  Bcl-2                        F: GTGAAGTCAACATGCCTGCC       106
  R: ACAGCCTGCAGCTTTGTTTC                                    
  Bax                          F: CCAGAGGCGGGGTTTCAT         206
  R: GGAAAAAGACCTCTCGGGGG                                    
  Fas                          F: ATGGGGATGAACCAGACTGC       288
  R: TTCTCTTCACTTCCTCTTTGCAC                                 
  Fas-L                        F: ACCTCAAGGGGGACTGTCTT       168
  R: AGTTTCACCGATGGCTCAGG                                    
  CCR7                         F: CTTCACTTGTGGCATCGCAG       266
  R: AAGTTCCGCACGTCCTTCTT                                    

Statistical analysis {#sec8-1753425918800555}
--------------------

All data were analyzed using IBM SPSS 21.0 software. Difference between groups was determined by Ducan's multiple comparison tests. Data are expressed as the mean ± SEM. Values in the same row with different superscripts are significant (*P* \< 0.05).

Results {#sec9-1753425918800555}
=======

Matrine promotes cell apoptosis in A549 cells {#sec10-1753425918800555}
---------------------------------------------

One, 5, 10, 50, 100, and 200 µM matrine were selected to investigate the inhibitory percent of matrine in A549 cells ([Figure 1](#fig1-1753425918800555){ref-type="fig"}) and the results showed that matrine ≥10 μM exhibited a significant inhibitory effect on cell viability in A549 cells (*P* \< 0.05). Ten and 100 µM were further used in the apoptosis assay and the results showed that matrine treatment significantly induced cell death compared with the control group (*P* \< 0.05).

![Effects of matrine on cell apoptosis. (a) Cell viability after exposure to matrine. (b--d) Cell apoptosis via flow cytometry: (b) control; (c) 10 μM matrine; (d) 100 μM matrine. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 3 or 6).](10.1177_1753425918800555-fig1){#fig1-1753425918800555}

Effects of matrine on apoptosis relative genes in A549 cells {#sec11-1753425918800555}
------------------------------------------------------------

Compared with the control group, matrine markedly enhanced cell p53 and bax expression in a dosage-dependent manner (*P* \< 0.05) ([Table 2](#table2-1753425918800555){ref-type="table"}). One hundred µM matrine markedly reduced casp3 mRNA abundance compared with the others groups (*P* \< 0.05). Bcl-2 expression was markedly lower in 50 and 100 µM matrine groups than that in control group (*P* \< 0.05).

###### 

Effects of matrine on apoptosis relative genes in A549 cells. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 6).

![](10.1177_1753425918800555-table2)

  Genes   0 μM Matrine     10 μM Matrine     50 μM Matrine     100 μM Matrine
  ------- ---------------- ----------------- ----------------- ----------------
  p53     1.00 ± 0.08^b^   1.18 ± 0.13^ab^   1.33 ± 0.17^ab^   1.42 ± 0.22^a^
  Casp3   1.00 ± 0.22^a^   0.87 ± 0.15^a^    0.91 ± 0.09^a^    0.52 ± 0.12^b^
  Casp8   1.00 ± 0.24      0.89 ± 0.16       0.85 ± 0.17       0.79 ± 0.16
  Casp9   1.00 ± 0.18      0.84 ± 0.16       0.92 ± 0.21       0.84 ± 0.18
  Bcl-2   1.00 ± 0.08^a^   0.83 ± 0.11^ab^   0.77 ± 0.16^b^    0.43 ± 0.05^b^
  Bax     1.00 ± 0.05^b^   1.37 ± 0.12^a^    1.40 ± 0.13^a^    1.68 ± 0.25^a^
  Fas     1.00 ± 0.17      1.12 ± 0.12       1.27 ± 0.23       0.92 ± 0.02
  Fas-L   1.00 ± 0.25      0.93 ± 0.21       1.28 ± 0.30       1.23 ± 0.26

Matrine inhibits CCR7 expression in A549 cells {#sec12-1753425918800555}
----------------------------------------------

We determined cellular mRNA and protein abundances of CCR7 after matrine treatment via RT-PCR and Western blot ([Figure 2](#fig2-1753425918800555){ref-type="fig"}). Matrine tended to down-regulate CCR7 expression, but the difference was insignificant (*P* \> 0.05). However, CCR7 protein was markedly inhibited in 50 and 100 μM matrine groups compared with the compared with the control group (*P* \< 0.05).

![Effects of matrine on CCR7 expression via RT-PCR and Western blot. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 3).](10.1177_1753425918800555-fig2){#fig2-1753425918800555}

### CCR7 mediates matrine-induced cell apoptosis in A549 cells and LK2 cells {#sec13-1753425918800555}

CCL21 (100 nM) was used to block the inhibitory effect of matrine (100 µM) on CCR7 expression. The results showed that CCL21 treatment significantly induced CCR7 expression and blocked the down-regulation of matrine on CCR7 ([Figure 3](#fig3-1753425918800555){ref-type="fig"}) (*P* \< 0.05).

![Effects of CCL21 on CCR7 via Western blot. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 3).](10.1177_1753425918800555-fig3){#fig3-1753425918800555}

Apoptosis relative genes were further determined, and the results are shown in [Table 3](#table3-1753425918800555){ref-type="table"}. Compared with the control group, CCL21 treatment markedly downregulated p53 and bax expression and up-regulated bcl-2 expression (*P* \< 0.05). Meanwhile, CCL21 blocked the effects of matrine on p53 and bcl-2, suggesting that matrine-induced cell apoptosis involve in CCR7 expression.

###### 

Effects of matrine and CCL21 on apoptosis relative genes in A549 cells. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 6).

![](10.1177_1753425918800555-table3)

  Genes   Control          Matrine          Matrine+CCL21     CCL21
  ------- ---------------- ---------------- ----------------- ----------------
  p53     1.00 ± 0.06^b^   1.55 ± 0.17^a^   1.05 ± 0.17^b^    0.71 ± 0.11^c^
  Casp3   1.00 ± 0.12^a^   0.58 ± 0.13^b^   0.87 ± 0.22^ab^   1.13 ± 0.09^a^
  Casp8   1.00 ± 0.14      0.83 ± 0.12      0.94 ± 0.16       0.88 ± 0.11
  Casp9   1.00 ± 0.08      0.87 ± 0.15      1.14 ± 0.18       0.46 ± 0.26
  Bcl-2   1.00 ± 0.18^b^   0.39 ± 0.07^c^   0.73 ± 0.11^b^    1.56 ± 0.08^a^
  Bax     1.00 ± 0.10^b^   1.77 ± 0.22^a^   1.34 ± 0.23^ab^   0.62 ± 0.11^c^
  Fas     1.00 ± 0.07      1.12 ± 0.13      1.22 ± 0.02       1.21 ± 0.42
  Fas-L   1.00 ± 0.05      1.19 ± 0.16      1.03 ± 0.26       1.29 ± 0.07

The effect of CCR7 and matrine on cell apoptosis was further validated in LK2 cells ([Table 4](#table4-1753425918800555){ref-type="table"}) and the results exhibited a similar trend compared with the A549 cells. Matrine treatment (100 µM) markedly up-regulated p53 and bax expressions (*P* \< 0.05), which were blocked by CCL21 exposure (100 nM) (*P* \< 0.05). Compared with the control, matrine+CCL21, and CCL21 groups, Casp3 expression was significantly lower in matrine-treated LK2 cells (*P* \< 0.05).

###### 

Effects of matrine and CCL21 on apoptosis relative genes in LK2 cells. Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 6).

![](10.1177_1753425918800555-table4)

  Genes   Control          Matrine          Matrine+CCL21    CCL21
  ------- ---------------- ---------------- ---------------- ----------------
  p53     1.00 ± 0.12^b^   1.35 ± 0.09^a^   0.96 ± 0.08^b^   0.87 ± 0.08^c^
  Casp3   1.00 ± 0.09^a^   0.76 ± 0.09^b^   0.94 ± 0.12^a^   1.03 ± 0.11^a^
  Casp8   1.00 ± 0.17      0.94 ± 0.22      1.14 ± 0.23      1.07 ± 0.19
  Casp9   1.00 ± 0.12      0.97 ± 0.14      1.05 ± 0.13      0.88 ± 0.14
  Bcl-2   1.00 ± 0.16      0.99 ± 0.12      0.99 ± 0.08      1.12 ± 0.14
  Bax     1.00 ± 0.11^c^   1.41 ± 0.17^a^   1.25 ± 0.06^b^   0.89 ± 0.09^c^
  Fas     1.00 ± 0.15      1.23 ± 0.18      1.27 ± 0.17      1.09 ± 0.11
  Fas-L   1.00 ± 0.13      1.21 ± 0.13      1.32 ± 0.16      1.24 ± 0.28

Matrine enhances the effects of anticancer drugs in A549 cells {#sec14-1753425918800555}
--------------------------------------------------------------

Cisplatin, 5-fluorouracil, and paclitaxel were used to investigate the effect of matrine on the anticancer drugs ([Table 5](#table5-1753425918800555){ref-type="table"}). Matrine treatment markedly enhanced the inhibitory effect of cisplatin, 5-fluorouracil, and paclitaxel on A549 cells (*P* \< 0.05), and the effects were dosage-dependent.

###### 

Effect of matrine combined with anticancer drugs on cell inhibitory ratio in A549 cells (%). Data are presented as mean ± SEM. The values having different superscript letters were significantly different with other groups (*P* \< 0.05; *n* = 6).

![](10.1177_1753425918800555-table5)

  Item                0 μM Matrine    10 μM Matrine    50 μM Matrine    100 μM Matrine
  ------------------- --------------- ---------------- ---------------- ----------------
  Cisplatin mM                                                          
  0.1                 9.3 ± 3.4^b^    13.5 ± 4.2^b^    19.1 ± 4.8^ab^   24.8 ± 5.1^a^
  1.0                 21.7 ±3.7^b^    29.5 ± 3.1^b^    39.3 ± 4.5^a^    48.2 ± 6.1^a^
  5.0                 36.2 ± 4.2^b^   44.7 ± 5.9^b^    57.2 ± 3.1^a^    70.7 ± 6.3^a^
  5-Fluorouracil mM                                                     
  0.1                 6.4 ± 1.3^b^    9.7 ± 2.7^b^     15.6 ± 3.7^ab^   21.3 ± 3.2^a^
  1.0                 17.9 ± 2.9^b^   24.5 ± 3.1^a^    33.3 ± 3.7^a^    42.1 ± 4.8^a^
  10.0                28.4 ± 3.9^b^   34.8 ± 5.9^b^    49.7 ± 5.0^a^    64.3 ± 6.8^a^
  Paclitaxel mM                                                         
  0.1                 8.7 ± 1.9^b^    15.3 ± 3.7^a^    24.8 ± 2.8^a^    29.1 ± 4.9^a^
  1.0                 19.4 ± 2.3^c^   27.3 ± 3.4^bc^   37.8 ± 4.3^b^    47.5 ± 4.5^a^
  5.0                 33.2 ± 5.3^b^   47.9 ± 5.9^a^    60.1 ± 5.7^a^    75.3 ± 5.1^a^

Discussion {#sec15-1753425918800555}
==========

Sophora root is a traditional herb medicine and distributes mainly in China, Japan, and some European countries. Sophora root is the dried root of *Sophora flavescens* Aiton (Leguminosae) and includes matrine and oxymatrine, two major tetracyclo-quinolizindine alkaloids.^[@bibr12-1753425918800555]^ Recently, matrine has been demonstrated to exhibit anticancer potentials, such as inhibiting cancer cell proliferation, inducing cell cycle arrest, accelerating apoptosis, restraining angiogenesis, inducing cell differentiation, inhibiting cancer metastasis and invasion, reversing multidrug resistance, and preventing or reducing chemotherapy or radiotherapy induced toxicity when combined with other chemotherapeutic drugs.^[@bibr12-1753425918800555][@bibr13-1753425918800555]--[@bibr14-1753425918800555]^ However, the functions and underlying mechanisms of matrine in NSCLC is still largely obscure. Thus, in this study, we investigated the effects of matrine on the apoptosis and the molecular mechanism in A549 cells.

In this study, we found that matrine induces cell apoptosis in A549 cells, which may be mediated by p53, bax, casp3, and bcl-2. p53, a tumor suppressor, has established functions in cancer, such as causing cell-cycle arrest and apoptosis.^[@bibr15-1753425918800555]^ Similarly, previous report indicates that matrine activates p53 signal and plays a beneficial role in human hepatoma cells.^[@bibr16-1753425918800555]^ Bax is a pro-apoptotic gene of the Bcl-2 protein family and is inhibited after matrine exposure in A549 cells. Bcl-2 is specifically considered as an important anti-apoptotic protein and tends to increase in matrine groups.^[@bibr17-1753425918800555]^ Liang et al. reported that matrine induces caspase-dependent apoptosis in human osteosarcoma cells *in vitro* and *in vivo* through influencing bax/bcl-2 signal.^[@bibr18-1753425918800555]^

Also, CCR7 has been widely demonstrated to involve in carcinogenesis.^[@bibr19-1753425918800555],[@bibr20-1753425918800555]^ In NSCLC, CCR7 is activated and contributes to cell proliferation and metastasis.^[@bibr21-1753425918800555]^ In this study, we found that matrine significantly inhibits CCR7 expression, which may mediate cell apoptosis in A549 cells. Similarly, matrine has been reported to alleviate LPS-induced intestinal inflammation and oxidative stress in mice and Caco-2 cells, while CCR7-siRNA transfection blocked the protective effects of matrine and exacerbated LPS caused injury.^[@bibr22-1753425918800555]^ Thus, CCL21, a ligand of CCR7, has been suggested to upregulate CCR7 expression,^[@bibr11-1753425918800555],[@bibr23-1753425918800555]^ and used to block the inhibitory effect of matrine on CCR7. We found that CCL21 blocked the effects of matrine on p53, bax, and bcl-2, suggesting that matrine induced cell apoptosis by regulating CCR7 expression. Previous reports suggested that matrine enhances the effects of anticancer drugs.^[@bibr24-1753425918800555],[@bibr25-1753425918800555]^ In this study, cisplatin, 5-fluorouracil, and paclitaxel were used to investigate the effect of matrine on the anticancer drugs and the results showed that matrine treatment markedly enhanced the inhibitory effect of cisplatin, 5-fluorouracil, and paclitaxel on A549 cells, and the effects were dosage-dependent.

In conclusion, matrine induces cell apoptosis in A549 cells via targeting CCR7. Blocking the inhibitory effect of matrine on CCR7 via CCL21 treatment alleviates matrine induced cell apoptosis. In addition, matrine enhances effects of anticancer drugs in A549 cells, such as cisplatin, 5-fluorouracil, and paclitaxel.
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